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1  INTRODUCTION 

Several  groups  of  workers  have  demonstrate  ..  that  it  is  possible  to 
bounce  radar  signals  and  to  send  radio  messages  over  long  distances  by 
*  reflecting  the  waves  from  tlie  surface  of  the  Loon.  Telegraph  type  messages 
S  ^ave  been  transmitted  from  Jodrell  Bank  to  Sydney  which  are  separated  by 
g  2150  degrees  of  longitude  and  80  degrees  of  latitude  (January,  I96I). 

m  3 


p  ^  Speech  has  been  transmitted  from  California  to  V/oamera  (February,  I96I), 

o  ^  °  thougli  of  poor  quality. 
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”  Present  methods  of  long  distance  communications  are  neither  adequate  nor 

"  §  q  reliable.  H.P.  radio  waves,  which  are  reflected  off  tlie  ionosphere,  ore  used 
^  w  but  at  times  communication  is  interrupted  because  oi'  unsatisfactory  propa- 
*'  g  gation  conditions.  Also  the  number  of  charnels  available  is  small  because  of 
the  narrowness  of  the  h*f»  spectrum  and  the  small  number  of  channels  available 
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has  to  be  shared  among  many  users.  The  insecurity  of  h*f. 
also  limits  its  usefulness  for  military  purposes. 


radio  transmission 
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Unfortunately  the  Earth  has  only  one  koon  so  it  is  not  possible  to  pro¬ 
vide  continuous  caianunication  to  all  parts  of  the  world  by  using  tlie  i.Ioon 
alone.  However  it  is  probable  tliat  artificial  satellites  v/ill  be  put  into 
orbit  ivithin  tlie  ne:ct  few  years  which  can  be  used  in  a  similar  fashion. 


IS  encouraging. 


THE  AlrlFLITlIDE  OF  THG  RETUrafEU  SIGIUiL 
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"So  q  S  It  IS  possible  to  calculate  the  amplitude  of  the 

3  2  ft  4I  "  reflected  from  the  Iloon  by  the  following  formula: 

^  o  c  o)  q  ^ 

•  O  W  q  2’ 


signal  Vi'hicli  is 


where  P  is  the  power  received 
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(1) 


P,.  is  the  power  transmitted 
"t 

A  is  the  collecting  area  cf  ti.e  transmittiiig  and  receiving  aerials 
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K  is  the  factor  to  allow  for  the  imperfect  illumination  of  the  "dish" 
(a  value  of  0.7  will  be  assumed) 

cr  is  the  "echoing  area"  cf  the  iFoon 

d  is  tlie  distance  to  the  Moon 

X  is  the  wavelengtli 
2 

A  value  of  O.OILti  a  ,  where  'a’  is  the  lunar  radius,  is  given  by  Hey  and 
Hughes"'  for  the  scattering  cross  section  of  the  Moon  measured  at  3»000  Hc/s. 
As  the  lunar  radius  is  1,080  miles  the  value  of  o’  in  MKS  units  is 


1  1 

ff  =  1.3  X  10  sq  metres  .  (2) 


Because  the  surface  of  the  Moon  is  rougli  and  moving  relative  to  the  Earth, 
the  signals  reflected  back  fluctuate  and  this  must  be  considered  when 
devising  a  practical  system. 

3  DISTORTION  OP  THE  SIGNAL  IN  TIME 


Because  of  the  great  distance  of  the  Moon  from  the  Earth  the  signal 
takes  about  25-  seconds  to  return  to  the  Earth.  This  makes  it  very  diffi¬ 
cult  indeed  to  carry  on  a  two-way  telephonic  conversation  but  does  not 
•distort'  the  signal  in  the  accepted  sense.  However,  because  the  returned 
signal  is  made  up  of  contributions  frem  a  large  area  of  the  Moon  some  com¬ 
ponents  of  the  signal  have  travelled  further  than  other  parts,  and  this 
gives  rise  to  what  might  be  called  a  'time  smear'.  The  effect  Ims  been 
investigated  by  Hey  and  Hughes'^  who  measured  the  time  delay  effects  using 
pulses  of  5  microseconds  duration.  From  their  work  it  appears  tl«j.t  for 
monostatio  working  (i.e.  transmitting  and  receiving  at  the  same  site),  the 
leading  edge  of  a  pulse  rises  steeply  with  little  delay  whilst  the  trailing 
edge  takes  about  100  microseconds  to  decay  to  half  amplitude.  This  is 
because  most  of  the  signal  returns  from  the  centre  of  'he  Moon's  disc: 
unlike  light  waves  which  are  uniformly  scattered  from  the  v/hole  disc.  For 
centrimetric  radio  waves  most  of  the  energy  appears  to  be  scattered  back 
from  the  central  10^  of  the  disc. 

For  bistatic  (i.e.  between  statiens  far  apai’t)  trajismission,  the 
leading  edge  rises  slowly,  reaching  half  araplitude  in  about  50  microseconds 
and  tlie  trailing  edge  decays  to  half  amplitude  in  100  microseconds.  Because 
of  this  time  smear  it  is  difficult  to  r.m.ke  use  of  pulses  at  a  higlier 
repetition  rate  than  about  5»000  p.p. 3. 

4  DISTORTION  IN  FREQUENCY 

Because  of  the  relative  motion  of  tlie  Eartli  and  Loon  the  frequency 
of  the  returned  signal  will  be  changed.  As  the  Moon  rises  over  the  horison 
a  signal  frequency  transmitted  at  say,  3,000  Mc/s  vrill  be  received  at  a 
frequency  about  6  kc/s  higher.  The  actual  shift  iii  frequency  depends  on 
the  relative  positions  o-  the  trajismitter  and  receiver  and  on  tlie  orbital 
path  of  tlie  Moon  at  tnat  p^u^ticular  tune.  As  tlio  Moon  passes  over,  the 
shif  t  in  frequency  decreases  until  when  it  is  near  its  point  of  nearest 
approach  the  shift  will  be  zero.  This  sliift  neet.  not  cause  a  distortion  of 
the  received  signal  fca'  its  magnitude  can  be  calculated  and  allovred  for  in 
the  receiver. 
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However,  as  for  the  time  delay,  there  is  a  secondary  effect  which 
causes  a  spread  in  the  received  frequency  which  will  cause  distortion.  The 
Earth-Moon  geometry  is  described  in  Pig.  1.  The  lloon  subtends  an  angle  of 
about  0.5  degrees  to  a  point  on  the  Earth  and  the  Doppler  shift  of  signals 
from  different  parts  of  the  Moon's  surface  will  therefore  differ  slightly 
and  this  gives  rise  to  the  frequency  'smear'. 

The  relative  motion  betv/een  a  point  on  the  Eartli  and  the  Moon  is  due 
to: 

(a)  The  rotation  of  the  Earth  on  its  own  axis. 

(b)  The  rotation  of  the  Moon  on  its  axis. 

(c)  The  orbital  motion  of  the  Moon  around  tlie  Earth. 

The  Earth  revolves  on  its  axis  once  in  24  hours  and  the  Moon  revolves  around 
the  Earth  once  in  2?  clays.  The  plane  of  the  Moon's  orbi^  is  at  present 
inclined  at  19  degrees  to  the  Earth's  Equator.  This  varies  from  year  to  year 
on  an  18  year  cycle.  Alv/ays  the  orbital  plane  of  the  Moon  is  inclined  at 
5  degrees  to  that  of  the  Eartli  around  the  Sun.  The  declination  of  the  Moon 
therefore  varies  at  present  during  the  lunar  month  from  plus  to  minus 
19  degrees.  The  13  year  cycle  began  in  19^0  when  the  maximum  declination  was 
18  degrees.  In  19^9  tlie  maximum  declination  will  be  29  degrees. 

Let  us  consider  the  point  in  the  lunar  month  v/hen  the  declination  of 
the  Moon  is  zero  then  the  velocity  of  a  point  on  the  Equator  relative  to  the 
Moon  when  the  Moon  is  on  the  horizon  vfill  be  about  9»000  c/s  and  at 
latitude  X  it  will  be 


9,000  cos  X  cps  . 


The  spread  in  frequency  will  be  sensibly  zero.  Y/lien  the  elevation  of  the 
Moon  above  tlie  horizon  is,  say  10  degrees,  there  ivill  be  a  little  spreading 
as  depicted  in  Pig.2(e),  The  spreading  will  be  a  maximum  when  the  Moon  is 
overhead  as  sherf/n  in  Pig.  2(c). 

If  the  Moon  scattered  back  the  signals  uniformly  from  its  surface  the 
spectrum  would  be  about;  SO  c/s  wide  but  because  most  of  the  energy  is  reflected 
from  the  centre  of  the  disc  tlie  sjjectruin  is  narrovior  than  this  as  shown  in 
Pigs. 2(b)  and  2(d),  Heyl  found  tliat  the  ratio  of  scattered  to  incident 
power  can  be  represented  by 


(T^  «  Exp(  -10  0) 


where  0  is  the  angle  of  incidence  at  the  mean  surface.  Tlius  the  scattered 
power  will  be  reduced  by  3  c£B  vrtien  0  =  4  degrees.  Tlie  amplitude  distribution 
across  tlie  disc  tvill  thus  be  as  shown  in  Pig, 2(b). 


off  as 


2 

Recent  measurements  at  J.P.L.  indicate  tliat  the  scattered  poiver  fall:- 


(cos^  0)^° 


which  gives  a  3  dB  reduction  for  degrees  angles  of  incidence  -  a  similar 
value  to  tliat  given  by  hey.  There  is  some  evidence  to  show  that  the  spectrum 
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width  is  of  the  order  of  10  c/s  but  the  width  will  depend  on  the  latittides 
and  longitudes  of  the  transmitting  and  receiving  sites  as  well  as  on  the 
angles  of  elevation  and  declination  of  the  I, loon. 

The  rotation  of  the  Earth  is  the  only  motion  tlmt  can  contribute 
significantly  to  the  spreading  of  the  spectrum.  This  is  because  tlie  lioon 
always  presents  the  same  side  to  the  Earth  and  hence  there  is  little 
differential  movement  between  the  edges  of  the  Moon’s  disc  and  the  Ilarth. 
The  eccentricity  of  the  Moon’ s  orbit  does  however  give  rise  to  a  radial 
velocity  ccmponent  vdiich  can  contribute  a  Doppler  shift  to  about  800  c/s. 
The  eccentricity  of  the  Moon’s  orbit  is  about  0.05  and  this  causes  a 
cyclical  variation  in  radial  velocity  of  about  70  knots.  This  shift  will 
be  independent  of  latitude  and  vrill  be  a  constant  amount  wliich  must  be 
added  algebraically  to  the  shift  produced  by  the  Earth  rotation.  This 
latter  will  of  course  be  very  sensitive  to  latitude  and  will  be  zero  at 
the  poles. 

5  BANDVnDTH 


Because  of  the  ’time  smear’  it  is  difficult  to  make  use  of  a  band¬ 
width  greater  than  about  5>000  c/s,  the  upper  limit  depending  on  the 
amount  of  distortion  which  can  be  tolerated.  Hov/ever  because  of  the 
2-2  seconds  delay  in  transmission  it  is  unlilcely  that  a  Lioon  circuit  could 
be  used  for  a  normal  telephonic  conversation.  There  may,  however,  be 
special  classes  of  users,  such  as  the  defence  services,  v/ho  could  tolerate 
both  the  delay  time  and  tlie  distortion.  The  chief  use  of  a  Moon  circuit 
would  seem  to  be  for  a  few  teletype  channels.  For  example  8  teletype 
channels  could  be  accommodated  in  a  bandwidtli  of  1  kc/s.  If  speech  has  to 
be  transmitted  it  miglit  be  worthwhile  to  use  one  of  the  speech  compression 
devices  now  being  developed.  Speech  of  reasonable  quality  can  be  compressed 
into  a  bandv/idtli  of  200  c/s. 

6  CHOICE  OP  CARRIER  FREQUENCY 


The  frequency  must  be  high  enough  to  penetrate  the  ionosphere  and 
this  imposes  a  lovrer  limit  of  a  few  hundred  megacycles  per  second.  An 
upper  limit  is  set  by  atmospheric  absorption  -which  is  serious  above 
10,000  Mc/s.  The  effect  of  heavy  rain  also  becomes  increasingly  serious 
above  6,000  Lic/s  and  makes  the  use  of  frequencies  above  6,000  Ilc/s  not 
attractive. 

Cosmic  noise  dominates  the  background  noise  belov^  1,000  ILo/s  and 
gradually  decreases  until  above  3,000  ilc/s  it  becomes  negligible.  The 
frequency,  therefore,  should  be  chosen  somewhere  iii  the  band  2,000  - 
6,000  Mc/s.  Before  a  final  olxoice  is  made,  several  other  factors  must 
be  taken  into  account,  including  international  frequency  allocation  agree¬ 
ments,  possible  interference  with  other  services  such  as  radar,  the 
avail^ility  and  cost  of  transmitting  valves,  and  economic  factors  involved 
in  aerial  design. 

7  SIGNAL  TO  NOISE  RATIO 


Let  us  consider  the  transmission  of  eiglit  teletype  messages 
simultaneously.  This  will  require  a  bandvddtli  of  about  1,000  c.p.  s.  and 
to  achieve  a  reasonable  freedom  from  error  -tvill  require  an  output  signal 
to  noise  ratio  of  about  30  dB. 


The  input  noise  background  v/ill  depend  largely  on  the  noise  tempera¬ 
ture  of  the  aerial  circuit.  The  beejiiwidth  of  the  aerial  is  likely  to  be 
less  than  iialf  a  degree,  the  diameter  of  the  Moon’s  disc,  and  so  the  back¬ 


ground  t' 


ture  -will  largely  be  that  duo  to  radiation  from  the  Moon’s 


:ai|pei»ture  -wili  largely  be  that  di 
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surface.  This  in  turn  vFill  depend  on  the  surface  temperature  of  tlae  llcon 
and  hence  will  vary  throughout  the  lunar  month.  The  background  temperature 
is  therefore  not  likely  to  be  less  thaii  200‘^C  nor  greater  than  ifOO^K.  There 
is  thus  little  to  be  gained  by  using  very  low  noise  input  circuits.  A 
parametric  amplifier  v/ill  probably  be  adequate  rather  than  a  iiaser. 

For  a  receiver  with  eai  input  temperature  of  290 °IC  the  noise  power  in  a 
bandv/idtli  of  1,000  c.p.s.  \vill  be 

p 

p  =  4  X  10  watts  • 
n 

The  signal  power  required  will  therefore  be 

4  X  10  watts  (3) 

Referring  to  equation  (l)  we  have: 


t-2  .2 


^  !+% 


Let  us  substitute  some  likely  values,  as  follov;s:- 


giving 


Hence 


=  5 

K  =  0.7 

D  =  20  metres  (diam.  of  dish) 

A  =  314  sq  metres 

1  1 

cr  =  1.4  X  10  sq  metres  from  Equation  (2) 

d  B  3*8  X  10^  metres 

X  =0,1  metres 

P  =  1.2  X  10"''^  watts  (4) 

r 


which  is  about  5  83  more  than  required  as  indicated  by  Equation  (3),  A 
more  sophisticated  modulation  system  will  improve  the  s/N  ratio.  However, 
the  simple  calculation  above  shov/s  tliat  the  values  chosen  are  of  the  right 
order.  The  right  economic  balance  must  be  struck  between  the  power  output 
from  the  transmitter  and  the  size  of  the  aerial.  An  aerial  of  20  metres 
diaj.ieter  is  quite  practicable  but  nevertheless  quite  costly;  say  about 
£50,000  for  a  frequency  of  3,000  Lc/s  (see  Pig. 5), 


8  OHSRATIONAL  CONSIDERATIONS 

The  lioon  travels  in  an  orbit  which  is  inclined  at  5  degrees  8  minutes 
to  the  Ecliptic  and  the  orbital  period  is  27  days  8  hours.  As  tiie  Moon 
moves  around  the  Earth  in  the  same  direction  as  the  Earth  spins  on  its  own 
axis,  the  Moon  appears  to  an  observer  on  the  Earth  to  move  round  the  Earth 
about  once  every  25  hours. 


The  nunber  of  hours  per  day  that  oa.'jnunication  can  be  maintained  between 
two  points  on  the  Earth  via  the  Moon  varies  between  aero  and  te/elvc.  As  the 
longitudinal  separation  increases  the  number  of  hours  that  a  Moon  circuit  can 
be  used  decreases.  For  example,  London  and  Ottav/a  wliich  are  75  degrees  of 
longitude  apart,  could  maintain  ca-nraunication  by  a  Loon  circuit  for  about 
6  hours  per  deiy.  London  and  Sydney  which  are  150  degrees  of  longitude  apart 
could  only  communicate  directly  for  about  1  liour  per  day.  Sydney  and 
Vancouver  could  be  linkea  for  5  hours  per  day. 


The  nuiber  of  hours  available  per  day  varies  considerably  during  the 
lunar  month  and  the  amount  of  variation  de^icnds  on  tl'.e  year.  For  example 
the  range  of  variation  ^las  a  mijiimum  in  19u0  ajid  -will  be  a  maximum  in  1989. 
A  useful  nomogram  for  calculating  tlie  tb.io  availability  ^s  given  in  Ref. 3* 
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Antipodal  points  may  be  connected  tlu'ougli  an  intermediate  relay 
station  where  the  messages  would  be  stored  for  about  5  hours  before  being 
passed  on  to  the  antipodal  station.  For  example,  tiie  oliannel  from  Sydney 
to  London  could  be  operated  for  6  hours  per  day  from  Sydney  to  Gan  (at 
longitudes  150  and  75  degrees  East  respectively) .  The  messages  could 
then  be  stored  at  Gan  for  5  hours  before  being  relayed  to  tlie  U.K.  The 
link  from  U.K.  to  Australia  could  be  made  via  relay  stations  at  say 
Ottawa  and  Christmas  Island  (longitude  160°  TTest).  The  messages  would  be 
stored  at  Ottawa  for  4  hours,  and  at  Christmas  Island  for  a  further  4  hours, 
giving  a  total  delay  of  3  hours. 

The  particular  hours  of  the  day  when  a  I  icon  circuit  can  be  used  will, 
of  course,  change  gradually  during  ttie  l\jnax  month. 

10  ARTIFICIAL  SATELLITES 


As  the  Earth  has  only  one  Loon  it  is  not  possible,  using  this  alone, 
to  provide  a  full  conmunication  service  between  all  points  on  tlie  Earth  at 
all  times  of  the  day.  To  do  this  would  require  either  three  moons  equally 
spaced  around  the  Earth  or  a  multiplicity  of  moons  in  random  orbits.  It  is 
unlikely  that  we  will  ever  put  artificial  satellites,  for  communication  use, 
into  orbits  as  high  as  that  of  the  iioon  for  they  vzould  liien  have  to  be 
in^iossibly  large.  However,  it  is  probable  that  v/e  sliall  soon  have  suitable 
passive  satellites  orbiting  the  Earth  in  comparative  low  orbits.  Already 
partial  success  has  been  achieved  with  Echo  1,  The  U.S.A.  plan  to  put 
several  bigger  and  better  passive  satellites  into  orbit  at  a  height  of 
about  1,500  miles  in  the  next  few  years.  These  could  be  used  to  supplement 
Moon  oircuita  and  so  provide  more  cover  and  more  operational  time.  For  some 
years  it  will  not  be  possible  to  provide  a  continuous  v/orld-^<’ide  service 
but  as  more  satellites  become  established  the  service  can  be  extended. 

It  is  unlikely  tliat  passive  satellites  v/ill  be  able  to  'keep 
station'  for  a  long  period  after  launch  thougli  consideration  is  being  given 
to  putting  several  into  orbit  launched  by  the  sajne  vehicle.  This  will 
enable  tliera  to  be  evenly  distributed  in  tlie  same  orbit  initially.  V'ithout 
'station-keeping'  a  very  largo  number  of  satellites  v/ould  be  required  to 
provide  uninterrupted  communication  tlu’oughout  the  day. 

It  is  probable  that  larger  echoing  areas  thaji  can  be  obtained  from  a 
sphere  v/ill  be  achieved  by  stabilising  the  passive  satellite  so  tliat  it 
always  points  to  the  Earth  and  by  making  it  of  suitable  shape.  This  vfill 
enable  either  more  channels  or  cheaper  ground  cquipjnent  to  be  used. 

The  ground  equipment  required  to  vfork  v/ith  passive  satellites  is 
similar  to  that  required  for  use  with  the  Moon  cxeept  that  in  the  case  of 
the  passive  satellite  the  aerial  system  has  to  follow  at  angular  rates 
about  four  times  that  required  for  Moon  following. 

It  would  seem  sensible  to  set  up  Moon  circuits  initially  and  extend 
them  later  to  use  passive  satellites. 

11  SECURITY 

(a)  Listening 

It  would  be  certainly  possible  for  an  enemy  to  listen  to  a  teletype 
transmission  via  the  Moon  circuit  but  this  would  be  expensive  and  unless 
done  thorougliiy  mij^t  not  be  effective.  Firstly,  several  listening  stations 
would  be  needed,  suitably  located  geographically  and,  secondly,  they  must  be 
equipped  with  a  big  dish,  at  least  60  feet  in  difunetcr.  This  latter  Diakes 
it  difficult  to  listen  aboard  a  ship,  for  the  aerial  must  be  pointed  at  the 
Moon  with  an  accuracy  of  about  0.2  degrees.  The  receivers  must  also  be  very 
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sophisticated  and  must  use  lav  noise  input  circuits.  These  are  at  present 
only  practicable  for  spot  frequencies  and  to  make  sure  of  intercepting  all 
possible  signals  they  would  have  to  be  capable  of  sweeping  through  a  band  of 
about  5»000  Mc/s  or  more  and  at  the  same  time  of  detecting  signals  in  the 
narrow  bandwidths  of  about  1,000  o.p, s,  used  for  the  transmission.  To  ensure 
that  short  transmissions  were  not  undetected  would  require  a  multiplioily  of 
receivers  and  recorders.  Used  intelligently  Iloon  circuits  should  be  able  to 
provide  adequate  freedom  from  interception  for  liighly  classified  messages. 

(b)  Jamming 

To  jam  Iloon  communications  is  more  difficult  than  to  intercept  trans¬ 
missions.  The  communication  transmitter  will  radiate  about  5  WITs  in  a  band 
only  a  few  kilocycles  wide  and  the  jamming  transmitter  must  radiate  about 
the  same  power.  Horeover,  it  must  malce  allowance  for  the  Doppler  shift  in 
frequency  caused  by  Hie  velocities  if  the  transmitting  and  receiving  stations 
relative  to  ihe  Moon.  The  only  practical  way  of  overcoming  this  effect  would 
be  to  radiate  jamning  power  over  a  wider  band,  which  would  mean  increasing 
the  mean  power  of  the  jamming  transmitter.  It  would  obviously  be  impossible 
to  jam  the  whole  spectrum  of  several  thousands  of  Mc/s  and  it  would  only  be 
practicable  to  jam  a  few  defined  frequencies.  A  modest  expenditure  on 
alternative  frequencies  should  ensure  that  vital  aid  short  oonmunioations 
would  always  get  through. 

12  COST 

A  world-wide  teletype  system  using  tlie  Moon  miglit  consist  of  stations 
at  the  follaving  places; 


1 

United  Kingdom 

7 

Singapore 

2 

Ottawa 

8 

Gan 

3 

Cliristmas  Island 

9 

Aden 

4 

Hong  Kong 

10 

Nairobi 

5 

New  Zealand 

11 

Cyprus 

6 

Australia 

12 

Bermuda 

iach  station  initially  would  coraprise : 


Approx,  Capital  Cost 


1  aerial  system  about  60  ft  diasieter  £50,000 
1  transmitter  of  5  WT  mean  paver  20,000 
1  receiver  5,000 
1  recorder  and  relay  equipment  2,000 
1  power  plant  5,000 
1  building  works,  etc.  20,000 


Total  £102,000 
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Staff 

1  Manager/Siigineer 

2  Technicians 


Annual  Costa 

Salaries  £5,000 
Amortisation  (5/o  of  Capital)  5,000 
Depreciation  10,000 
Operating  Costa  5,000 


Total  £25,000 


The  total  coat  of  twelve  stations  v/ould  be  about  £1,200,000  and  tiie  annual 
operating  coats  about  £300,000. 

To  this  must  be  added  development  costs  for  prototype  equipment,  say 
another  £500,000. 

The  above  costs  are  based  on  operating  the  stations  for  a  maximum 
of  twelve  hours  per  day.  If  and  when  twenty-four  hour  operation  is  introduced 
then  some  extra  equipment  and  extra  staff  would  be  required. 

13  CONCUJSIONS 


A  reliable  and  economical  system  of  v/orld  wide  teletype  conmuni- 
oation  could  be  developed,  based  upon  the  reflection  of  radio  signals  fraa 
the  Moon.  The  system  v/ould  be  able  to  provide  about  eiglit  standard  tele¬ 
type  channels  for  about  5  hours  operation  per  day  and  v/ould  be  a  useful 
supplement  to  existing  h.f.  radio  circuits. 

When  artificial  passive  satellites  become  available,  as  is  expected 
in  a  few  years,  these  can  also  be  used  and  will  enable  the  number  of  \/ork- 
ing  hours  per  day  to  be  increased,  and  transmission  delays  to  the  antipodes 
to  be  eliminated. 
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FIG.3.  AERIAL  OF  MOON  COMMUNICATION 
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